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Oreg and Finkel'stein Reply: In the preceding 
Comment [0 Fabrizio and Gogolin (FG) dispute our re- 
sult of the enhancement of the tunneling density of states 
(DOS) in a Tomonaga-Luttinger (TL) liquid at the lo- 
cation of a backward scattering defect 0. They state 
that (i) the anticommutativity of the fermion operators 
of the left and right moving electrons was not considered 
properly; and that (ii) the tunneling DOS for this prob- 
lem is given by p(uj) ~ uj 1 ^ 9 " 1 which is the tunneling 
DOS at the end of a TL wire. We disagree with both 
points. Moreover, we show below that the result of the 
Letter can be reproduced following the Comment when 
its calculations are performed correctly. 

(i) There are different ways to get the correct commu- 
tation relations of the fermion operators in the bosoniza- 
tion technique. We have employed the variant with 
a proper regularization of the commutation relation of 
the bosonic fields. The commutation of the fields <!> 
and O (see the Comment) was taken as [$>(x),@(y)] = 
2iri [sgn [x — y) — 1] ||; $ and O are proportional to (f> 
and <p respectively in the notations of the Letter. This 
regularization gives the correct anticommutation rela- 
tions between the right and left moving fermion opera- 
tors. The minus sign in front of the term Z ot id in Eq. (7) 
of our Letter is a result of these anticommutation re- 
lations. 

(ii) The authors of the Comment got the follow- 
ing expression for the Green's function determining the 
tunneling DOS: cx t~ A (f| e iff T* e - iff i* |f), where 
Hf t i = H ± ^ cos [y/g$(x = 0)] . FG accept our con- 
clusion that the $ field at the impurity site develops 
a finite average value, the fluctuations around which 
are massive. In this case the analogy with the X-ray 



edge problem does not hold and (f|e 



[H-,t„-iH\ t 



IT) 



cxp [-2i%£ (T| cos [^/g$(x = 0)] |f) t] . Since the fluctu- 
ations of Q(x — 0) are massive, this correlator does not 
have a power law prefactor. This leads to the tunneling 
DOS obtained in Ref. @: 



p(w) 



(1) 



where g < 1 for a repulsive interaction. 

We show now that the different behavior of p (u>) ob- 
tained in the Comment is a result of a substitution of the 
backward scattering problem by another problem, which 
is not equivalent to the original one. In the calculation 



of (T|e 



iH\ t 



|t) FG relied on their results for a finite 



chain of length L with open boundary conditions: "0(0) = 
iJj{L) = 0, where ip is the fermion field Q. This prob- 
lem is equivalent to a ring that has a cut at x — 0. FG 
used the operator U = e l7T,J ^ 2 to transform Hi into H-\, 
where J = J Q L {pr(x) — Pl{x)) dx. This operation shifts 
<f>(x = 0) — > $(# = 0) + Tr/^/g, but should not influence 
Ho- One can check, however, that UHqU' gives an addi- 
tional term proportional to pr{0) + Pl (0) — Pr(L) — pl{L) 
in the transformed Hamiltonian . Contrary to the prob- 



lem with open boundary conditions there are no rea- 
sons for this term to vanish in the problem of a weak 
backward scattering. In the latter problem, as we have 
shown |§,D, the field $(a; = 0, t) is frozen at low tem- 
peratures. This leads to a vanishing of the current fluc- 
tuations (proportional to d§{x = 0,t)/dt), but not of 
Ar(0) + Pl{0) °c d$(x = 0,t)/dx. This is why the low 
energy physics of the weak backward scattering defect is 
not equivalent to cutting the wire. 

We would like to emphasize that the vanishing of the 
dc conductance with a power law behavior at low temper- 
atures is not in contradiction with the enhancement 
of the tunneling DOS. Since the current fluctuations are 
suppressed at low energies, one should include instan- 
tons in the calculation of the current-current correlation 
function [^|J^] in order to obtain a non zero conductance. 
These instantons correspond to jumps of $(a; = 0) be- 
tween subsequent minima of the term cos(^/g$(x = 0)) 
at some time. The configurations without instantons do 
not contribute to the zero frequency conductance, but 
they give the dominant contribution to the tunneling 
DOS. The first non vanishing contribution to the con- 
ductance is due to two instanton configurations. Their 
contribution to the tunneling DOS is much smaller than 
the contribution of the configurations without instantons. 
Thus, the description of the strong coupling regime by 
pinning of the <!> field, which leads to a freezing of the cur- 
rent fluctuations, is consistent with both the vanishing of 
the conductance and the enhancement of the tunneling 
DOS. 

We demonstrate that the result of the Letter follows 
from the Comment when (f| g lH r t e -' lH i t ||) i s calculated 
correctly. This clearly indicates that the question about 
the anticommutation relations was raised by FG without 
serious grounds. 
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